T-strain 960 was passaged through 24 serial 10-fold dilutions in media without added urea and with porcine serum albumin fraction V as the only protein enrichment. The organism, either grown in this manner or passaged an additional three times in medium containing horse serum and 0.1% urea, was inoculated into rabbits. Resultant antisera were tested for activity against T-960 growing in these different media by: (i) growth curve analysis in the presence of antiserum, (ii) metabolic inhibition in the presence or absence of complement (fresh guinea pig serum), (iii) complement-dependent killing curves, (iv) double diffusion in gel (Ouchterlony), and (v) a new visual method for the detection of antigen-antibody reactions on glass slides coated with a thin film of indium metal. Our results indicate that the reactivity of the antisera, as assayed by the above methods, is significantly affected by the composition of the growth medium used for preparation of the antigen. In addition, it was possible to determine that the guinea pig serum-dependent killing of T960 was not affected by the presence of ammonium ion.
Immunological methods are essential for clinical diagnosis, identification, and taxonomy of the Mycoplasmatales. However, mycoplasmas have a propensity to bind components from their growth media, and these bound components have been shown to influence the antigenic character (4, 25, 37) or the ability of mycoplasmas to react in various diagnostic tests (7) . This is an important and troublesome source of error in the use of immunological methods in mycoplasmology. The lack of defined media for growth of most mycoplasmas makes it difficult to determine which media components are bound by the organisms.
Progress toward the resolution of these problems has been reported for several mycoplasma species. There is now better definition of antigenic components of the organisms (11, 13, 14) , and the nature of mycoplasma membranes (22, 30) and of membrane-protein interactions (12, 23) , has recently been more clearly elucidated.
It has been difficult, however, to make similar progress with the T-strain mycoplasmas because they do not reach large numbers and because of the general belief that these mycoplasmas are particularly fastidious in their nutritional requirements (28, 29) .
We have shown recently (16, 17, 18 ) that T-strains can be grown in media without added urea and without sera which contain large quantities of urea. We report here that the usual whole serum supplement of T-strain media without added urea can be replaced with a serum fraction. As a result, it is possible to compare the immunological reactivity of a Tstrain mycoplasma grown in media with and without added urea and containing either whole horse serum or porcine serum albumin fraction V.
MATERIALS AND METHODS Mycoplasmas. T-strain 960 (cloned eight times), K510-20 (cloned four times) and 3K572-8 (cloned three times) were kindly supplied by Maurice Shepard (Camp Lejeune, N.C.). They were then passaged in our laboratory in medium without added urea, as previously described (17) . Acholeplasma laidlawii PG-8 and Mycoplasma hominis PG-21 were originally obtained from D. G. ff Edward (Public Health Laboratory, Dulwich Hospital, London, England) and have been carried in our laboratory for several years. The mycoplasma stock cultures are routinely checked for identity by growth inhibition tests with specific antisera (NIH Resources and Reagents Branch, National Institute of Allergy and Infectious Diseases, Washington, D.C.).
Media and growth conditions. Urea medium (U-HS) used for propagation of the T-strain mycoplasmas is a modification of mycoplasma medium formula (10) and has been previously described (16, 17) . It differs from the usual medium formulation by: (i) the addition of 0.1% (wt/vol) urea in place of glucose; (ii) the use of 10% (vol/vol) Mycoplasma quantitation. T-strain mycoplasmas were quantitated by a modification of the commonly used tube dilution method for determination of color change units (CCU) (21) . A 1.0-ml sample of T-strain broth culture was diluted 10-fold serially in the U-HS medium. Each dilution was then divided into six 1.5-ml aliquots. After 5 days of incubation, the color change end point was calculated by the method of Reed and Muench (24) (26) .
Preparation of antigens. T-strain 960 grown first in P-PSA medium and then continued in either P-PSA medium (designated T960-P) or U-HS medium (designated T960-U) were harvested by centrifugation (27, (20) . Precipitin reactions were produced in a 0.75% agarose gel containing 0.5% Triton X-100 and maintained at pH 8.2 by barbital buffer with ionic strength of 0.05. All antigens were tested in both the presence and absence of 0.5% Triton X-100. Either washed viable organisms (106 to 108 CCU5O) or an equivalent amount of lysates (freeze-thawed five times) solubilized with 0.5% Triton X-100 were used as T-strain antigens.
Indium slide technique. Antigen-antibody interaction was assessed on indium-coated slides by the procedure of Mischak and Raffel (manuscript in preparation). Briefly, indium metal was evaporated onto glass cover slips (22 mm2) until a layer estimated to be approximately 100 nm was produced. This is accomplished by evaporating from a tungsten basket in a Kinney high vacuum evaporator (type SC-3) with a vacuum of 10-5 Torr (mm of Hg) and a current of 6 A for 15 min. A properly prepared slide appears brown and allows the transmission of light.
The indium-coated cover slips were preconditioned by immersion in 0.15 M NaCl to allow for an even adsorption of antigen. After 1 min, slides were placed level in a moist chamber, and while a film of saline solution remained, 0.5 ml of the antigen solution was applied to the surface. After 30 min, the cover slips were rinsed with distilled water and allowed to air dry.
To condition the antigen-coated slide for the application of antibody, a 30-ul drop of saline was applied to each of the four corners and the center. Excess saline was removed, and 20 ml of the test serum was applied to the appropriate conditioned area. The cover slips were kept at room temperature for 1 h in a moist chamber and then rinsed thoroughly with distilled water and allowed to air dry. A positive reaction was detected visually as a darkening of the cover slip in the area of antigen-antibody reaction as compared to untreated areas. A negative reaction exhibits either no change or a reduced color intensity in the test area.
Metabolic inhibition testing. This was done as previously described (21) but without GPS.
RESULTS
T-strain 960 was passaged through 24 serial 10-fold dilutions in P-PSA medium by the procedure previously described (17) . Thus, the organism was continuously grown in a medium without added urea and without whole serum. The P-PSA medium is expected to be virtually free of urea. After these passages, one portion of a single T960 culture was maintained in the P-PSA medium while a second portion was transferred to medium containing 10% horse serum and 0.1% added urea (U-HS medium). These cultures were passaged three additional times during 5 days until 3 liters of log-phase culture grown in each medium was available for use as antigen. The organism (T960-U) grown in U-HS medium, therefore, differed from the organism (T960-P) grown continuously in P-PSA medium only by 5 days of exposure to horse serum and urea. This is equivalent to approximately 33 population doublings.
The antisera obtained from rabbits immunized with either T960-U or T960-P were tested against T960 organisms which were growing in U-HS or P-PSA media by several methods.
Growth in the presence of antiserum. Figure 1 shows the effect of anti-T960-U serum on the growth of T960-U and T960-P. It can be seen that in both cases increasing amounts of antiserum added to the growth medium resulted in reduced rates of growth during 48 or 72 h of incubation. Antiserum diluted 1:200 inhibited growth during this period but did not kill the organisms. It was determined also that the organisms remained viable at undiminished titers for 2 weeks in a 1:50 dilution of antiserum. Figure 2 shows the effect of anti-T960-P serum on the growth of T960-U and T960-P. In this case, growth inhibition of T960-P appears to be more pronounced than the inhibition of T960-U. A 1:1,000 dilution of anti-T960-P serum had no effect on growth of T960-U ( 2A). Even at the 1:200 antiserum dilution, the growth rate is similar to the growth rate of the control (no antiserum) cultures after a short delay, which might have resulted from agglutination of the organisms. Thus, the anti-T960-P serum appears to be more active in growth inhibition of T960-P than T960-U (Fig. 2) . However, comparison of results in Fig. 1 and 2 suggests that the anti-T960-P serum is less active than anti-T960-U serum by this criteria.
Effect of fresh guinea pig serum. The mycoplasmacidal effect of unheated guinea pig serum (GPS) on T960-U and T960-P in the presence and absence of antiserum was assessed by determination of survival of the organisms during short periods of time. Carefully timed experiments were initiated by the addition of the organisms to media containing the desired GPS and antiserum concentrations. At timed intervals, a sample of the experimental culture was removed and diluted immediately through at least two 10-fold dilutions in the U-HS medium. This served to stop the killing effect of mycoplasmacidal factors in the GPS (2, 6). both T960-U and T960-P was killed within 5 min by anti-T960-U antiserum plus GPS. A higher concentration of antiserum resulted in a greater degree of killing of T960-U in a shorter time. The higher concentration of anti-T960-U serum is also seen to cause more than 10-fold greater killing of T960-U than T960-P. The GPS alone had no effect on the titer of the organisms and heating the GPS (56 C for 30 min) eliminated its mycoplasmacidal activity. In the case of anti-T960-U serum tested against T960-U (Fig. 3A) , 0.1% urea added to the medium plus the urea in the horse serum supplement of the medium (approximately 50 ,g per ml of medium) did not have any apparent effect on the killing of the organisms. This is of interest because it has been reported that ammonia generated from urea in T-strain cultures might be expected to inactivate a component of complement (C4) and thus interfere with its myco- Carefully timed experiments were initiated by the addition of logarithmically growing organisms in either U-HS or P-PSA medium to the same media containing the desired GPS and antiserum concentrations. At timed intervals, a sample of the experimental culture was removed and diluted immediately through at least two 10-fold dilutions in U-HS medium to stop the mycoplasmacidal effect of GPS. The initial titer was determined by addition of a sample of the same initial pool of organisms to media without GPS or antiserum. Ammonium ion (NH4+) concentration is 250 ,g/ml.
plasmacidal activity (15) . We were able to assess the effect of ammonia more directly in the case of T960-P since it is grown and tested in P-PSA medium, which is expected to be free of urea. Ammonium ion was added to the medium as ammonium chloride to give a final assayed concentration of approximately 250 gg/ml. This, then, includes the amount of ammonia in the medium before addition of ammonium chloride. This amount of ammonia was chosen because we had shown previously (171) that it is the largest concentration allowing cell growth, yet it is in large excess of the amount of ammonia that the organism would be expected to produce from urea (16, 18) during the short time periods of these experiments. It can be seen that the ammonium ion had no effect on GPS-dependent killing of T960-P in the presence of anti-T960-U serum (Fig. 3B) . Figure 4 shows GPS-dependent killing of T960-P and T960-U by anti-T960-P serum. The effect of this antiserum is more pronounced against T960-P than T960-U. It can be seen that 1:1,000 anti-T960-P did not kill T960-U but gave 99% killing of T960-P. The absence of GPS. We presume that this is due to agglutination of the organisms. It was possible to visualize the agglutination macroscopically and microscopically in slide agglutination tests with washed and concentrated homologous organisms and undiluted antiserum. The agglutination was observed to be due to antibody by indirect immunofluorescence of the agglutinated organisms by using fluoresceinated goat anti-rabbit immunoglobulin G. The reduced titer in the absence of GPS did not occur with the organism grown in U-HS medium (T960-U). It can also be seen that ammonium ion had no effect on the GPS-dependent killing due to the anti-T960-P serum. In separate experiments (not shown), heating of the GPS destroyed the mycoplasmacidal activity of the anti-T960-P serum, as was observed with anti-T960-U serum. In addition, anti-T960-U serum was tested by this method against T-strains K-510 and 3K572 as well as M. hominis and A. Laidlawii. No reduction in titer of any of these organisms occurred after 30-min exposure to 1:200 antiserum and 1:40 unheated GPS.
It was of interest to determine if any of the mycoplasmacidal effect of the anti-T960-P serum might be due to activity against PSA absorbed by the organism from the medium. This would not seem to be the case since extensive killing of T960-P was observed with anti-T960-P serum plus 1:40 GPS in medium containing 0.7% (wt/vol) final concentration of PSA (Fig. 4B) . If antibodies in anti-T960-P serum directed against PSA were to react with the PSA of the medium and fix mycoplasmacidal factors in GPS, reduced killing of the organism might result. However, this was not observed (Fig. 4B) . Several explanations are possible: (i) there is only a small amount of activity against PSA in the anti-T960-P serum and since our killing experiments involve an excess of GPS (1:40), all of the mycoplasmacidal factors in GPS are not depleted; (ii) the PSA does not bind to the T-strains or if it does bind it may not fix mycoplasmacidal factors and cause cell death; (iii) PSA is bound but modified in a manner which would render it either nonreactive or only weakly reactive with anti-PSA antibodies. We attempted to answer some of these questions in several ways. First, we tested the mycoplasmacidal effect of antiserum prepared against only PSA. For these experiments, T960-P or T960-U was harvested by centrifugation (27,000 x g for 10 min) and washed once in either unsupplemented Eagle basal medium or unsupplemented mycoplasma broth (without yeast extract or protein enrichment). The mycoplasmacidal tests were then done in these unsupplemented media so that no PSA other than that which might be bound to the organisms was present. Under these conditions, anti-PSA serum had no killing effect on T960-P or T960-U in the presence of 1:40 unheated GPS. In addition, GPS-dependent killing of T960-P by anti-T960 serum which had been absorbed with PSA was tested. We found in this case that there was more than 90' killing in 15 min with both absorbed or unabsorbed antiserum. Thus, antibody to PSA which might be bound to the organism does not appear to be a significant factor in the GPS-dependent killing due to anti-T960-P serum. That PSA is bound to the washed antigen preparation of T960-P and antibody is made against it is shown by the double diffusion in gel experiments described below.
The activity of the three types of antisera (anti-PSA, anti-T960-U, and anti-T960-P) against the relevant antigens was assessed by double diffusion in gel (Table 1 and Fig. 5 ). It should be noted that several different antisera were prepared against each antigen and these were all tested by this method although all of the previous experiments were done with only three of the antisera (615, 616, and 621). Neither the presence nor absence of Triton X-100 in the antigen preparation nor the method of preparation of the organisms (viable or freeze-thawed) resulted in any marked difference in results.
The anti-PSA sera gave precipitin lines against the P-PSA medium and PSA in every test. They gave positive reactions in some tests (T960-P > T960-U > U-HS) with the other antigens. Anti-T960-U antisera gave precipitin lines against T960-U organisms more often than not, and in some tests the precipitin lines were weak. The anti-T960-U sera also reacted with U-HS medium 17 of the 21 times this combination was tested, with P-PSA medium, 7 out of 19 times, and with PSA, 5 out of 14 times. The anti-T960-U serum did not react as well (3 positive reactions out of 27 tests) with T960-P organisms. Anti-T960-P serum gave no precipitin lines against T960-U or U-HS medium but did give a reaction in 18 out of 27 of the tests with T960-P organisms. Again, the positive reactions against the organisms were generally weak. It was also shown that when the anti-T960-P sera were absorbed with PSA, the precipitin lines against P-PSA medium and PSA did not appear with two of the three absorbed sera. This indicates, however, that anti-T960-P serum does have antibodies against PSA.
The observation that the antisera against T960-P or T960-U gave either weak or no Table 1 . Outer wells contain antisera as follows: 1, anti-PSA 615; 2, anti-T960-U 616; 3, anti-T960-P 621; 4, anti-T960-U 618; 5 = anti-T960-P 620; and 6, anti-T960-P 621. Wells la, 3a, 5a, and 6a contain corresponding antisera absorbed with PSA. Dried gels were stained with 0.2%7c acid fuchsin.
reactions with the homologous organisms in some tests might be explained on the basis of the relatively low sensitivity of the method. Even through the organisms were concentrated to approximately 108 CCU50/ml, only 50 to 100 ul could be placed in a well for a given test so that the actual mass of the antigen is probably small compared with approximately 1 ,ug of antigen and perhaps three times that amount of antibody needed to see a precipitin line in agar T960-P MASOVER, MISCHAK, AND HAYFLICK (5), assuming that a precipitin reaction is occurring. In addition, titers of T960-P harvested for these tests were usually as much as 10 times lower than titers of T960-U. Under these circumstances, it is not surprising that cross-reactivity between T960-U and T960-P was not observed by this method even though GPSdependent killing of both antigens was clearly demonstrated by anti-T960-U serum and at least some killing of T960-U could be seen with higher concentrations of anti-T960-P serum.
The antisera were, therefore, tested by the indium-coated slide technique described above, since this has been shown to be much more sensitive than double diffusion in gel for the detection of antigen-antibody interactions, and, in addition, does not require precipitation of antigen with antibody in order to be seen (Table  2 and Fig. 6 ). This technique yields much more definitive results (Table 2) . Positive reactions between anti-T960-U or anti-T960-P and the homologous organism were more clearly seen. However, there was still no discernible reaction between anti-T960-P serum and T960-U. Conversely, anti-T960-U serum reacted with T960-U in all cases, but in only one out of four tests with T960-P. The reactions between the various antisera and media or media components were generally the same as those demonstrated by the double diffusion in gel. Normal rabbit serum controls were negative. Thus, by these visual methods, the antisera appear to be specific for the organism used as antigen or for the specific medium used, and did not appear to cross-react to any great extent. An exception to this specificity was observed in the case of one of the anti-T960-U sera which, in some tests, gave precipitin lines and positive indium slide reactions with T960-P, PSA, or the P-PSA medium. This is of interest since the T960-U organisms used as antigen were originally grown in P-PSA medium and were exposed to U-HS medium for only 5 days before use as antigen. Thus, it is possible that either PSA or some antigenic component of it remained with the organism during this time or, alternatively, that there is some cross-reactivity between PSA and components of the horse serum medium. The latter possibility cannot be ruled out since anti-PSA serum reacted with U-HS medium and the T960-U organism in approximately 25% of the Ouchterlony and indium slide tests performed with two different antisera (Tables  1 and 2) .
Results of metabolic inhibition (MI) testing are shown in Table 3 . We found these results reproducible within one or two twofold dilutions of antiserum when 102 to 103 CCU50 of the target organism was placed in each well. End points, however, were not stable and variation of the initial inoculum of target organisms caused variable results as has been observed by others (15, 21) . In general, MI titers of both antisera were higher against T960-U than against T960-P and absorption of the antisera with the growth medium used to grow the antigen made no significant difference in the titers observed.
The two antisera were also tested by this method against T-strains 3K572 and K-510 and against A. laidlawii. Titers against these organisms were not observed ( <8). Thus, the antisera were specific for T960 by this method also. 6 . Activity of antisera prepared against T960-P, T960-U and PSA on indium-coated cover slips. Indium-coated cover slips were coated with the antigen shown (same as in Table 1 ). Antisera applied were (a) anti-PSA, (b) anti-T960-U, (c) anti-T960-P, and (d) anti-T960-P absorbed with PSA. Normal rabbit serum (e) was placed in the center of each cover slip. Growth of one aliquot of this culture was continued in the same medium, while a second aliquot was grown for the same amount of time in medium which differed only by the addition of urea and the inclusion of horse serum in place of the PSA fraction. Under these circumstances, it was possible to assess the effect of a short exposure to different medium proteins on the reactivity of resulting antisera by using several of the commonly used methods for this purpose and by a new method as well.
It tests involving the effect of an antiserum against living organisms (inhibition of growth, GPS-dependent killing, and metabolic inhibition), we found that antiserum against the T960 grown in urea-horse serum medium (T960-U) was generally more active than antiserum against the same organism grown in P-PSA medium (T960-P). Both antisera, however, showed some reactivity against both organisms by these criteria as would be expected since the same organism was used as antigen. We did not assay for the absolute amount of specific antibody in the different antisera and therefore cannot exclude the possibility that differences in reactivity of the two different antisera against a particular target organism reflect only VOL. 11, 1975 5e37 qu differences in the absolute amount of specific antibody. However, differences in reactivity of similar dilutions of either one of the antisera against similar numbers of the two different target organisms would reflect qualitative differences in the antiserum, and this was observed. Thus, a short exposure of a T-strain mycoplasma to a slightly modified medium can be shown to alter its antigenic character.
The most sensitive of the methods employed was GPS-dependent killing, which showed that 90 to 99.9% of the target organisms are killed within 5 min. The kinetics and extent of killing observed in our experiments are similar to the observations of others for T-strains (15) and for other mycoplasmas (2, 6, 31). With this test, it was shown that a 1:1,000 dilution of anti-T960-P serum caused more than 90% killing of T960-P but not T960-U, even though the MI titer of this antiserum was lower against T960-P than against T960-U. Its growth inhibiting activity, although modest, was better against T960-P than against T960-U. It would be impossible, then, to assess the quality of this antiserum by any one of these methods independent of the others and arrive at the same conclusion regarding its reactivity against Tstrain 960.
In addition, we were able to show that it is very unlikely that ammonia produced from urea has any effect on GPS-dependent killing of T-strain mycoplasmas as has been suggested by others (15) . Our results also suggest that antibodies against PSA and perhaps other medium components, while present in our antisera as shown by formation of precipitin lines in gel diffusion and positive indium slide tests, do not have a significant effect on GPS-dependent killing or MI results. This is supported by the observations that (i) anti-PSA antiserum does not kill T960-P in the presence of unheated GPS; (ii) antiserum absorbed with the growth medium gives the same MI titer as unabsorbed antiserum; and (iii) PSA absorbed anti-T960-P serum gives the same GPS-dependent killing as unabsorbed serum even though this absorption eliminated precipitin lines between anti-T960-P serum and P-PSA medium or PSA in gel diffusion experiments (Fig. 5, Table 1 ). We cannot eliminate the important possibility that medium components are either adsorbed or incorporated by the organisms and modified in a manner which makes them less reactive with antibody directed against a particular component. This point remains to be elucidated.
Gel diffusion and the more sensitive indium slide method indicate a surprising lack of crossreactivity between anti-T960-P and anti-T960-U despite the purposely contrived similarity of the antigens used to produce these antisera. It is possible that this reflects the insensitivity of the methods rather than any lack of specific antibody since GPS-dependent killing and MI tests show that both antisera have at least some activity against both target organism preparations. In general, however, our results show that the medium formulation for growth of a T-strain antigen causes easily discernible differences in the results of the immunological tests used to evaluate antisera against T-strain mycoplasmas.
The practical implications of such observations for both taxonomic grouping of T-strains and for evaluation of patient sera for anti-Tstrain antibody are obvious and can, in our opinion, be resolved only with a better understanding of the fundamental biology of these organisms, of their interactions with cells in vivo and in vitro, and of their interactions with growth medium components. The possibility that T-strain mycoplasmas reside in an in vivo environment in which there is high urea and ammonia concentration is based on only the circumstantial evidence that the organisms are isolated frequently from the urogenital tract (19, 32) and can hydrolyze urea (8, 29) . It is entirely possible that T-strains in vivo are not always subject to this environment.
We have shown that an antiserum against a T-strain mycoplasma grown in the absence of urea and the usual horse serum medium enrichment did not react as well with the same organism grown in the presence of these components. It is possible, then, that testing of patient sera for activity against T-strain isolates which existed in a different milieu in vivo and are cultivated in the usual T-strain medium formulations after isolation would have to be reconsidered. Since there is evidence to suggest that T-strains may be human pathogens (3, 9, 19) and since immunological methods will undoubtedly be important in ultimately demonstrating this pathogenicity, efforts must be made to improve these methods in the evaluation of antisera against these organisms.
